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Background : Recombinant adenovirus hold promise as vectors to carry therapeutic genes for several rea-
sons : 1) they can infect both dividing and non-dividing cells ; 2) they have the ability to directly transduce tis-
sues in vivo | 3) they can easily be produced in high titer ; and 4) they have an established record of safety as
vaccination material. However, one of the major limitation in the use of adenoviruses is that transgene expres-
sion is quite short because adenovirusees insert their DNA genome episomally rather than by chromosomal inte-
gration, and an immune response against the virus destroys cells expressing the therapeutic gene. Since sodium
butyrate has been reported to induce adenovirus-mediated gene expression, we hypothesized that treatment of
tumor cells, transduced with herpes simples virus thymidine kinase(HSVtk) gene using adenoviral vector, with
butyrate could augment the effect of gene therapy.

Methods : We transduced HSVtk gene, driven by the cytomegalovirus promoter, into REN cell line(human
mesothelioma cell line). Before proceeding with the comparison of HSVtk/ganciclovir mediated bystander kill-
ing, we evaluated the effect of butyrate on the growth of tumor cells in order to rule out a potential antitumor
effect of butyrate alone, and also on expression of HSVtk gene by Western blot analysis. Then we determined
the effects of butyrate on bystander-mediated cell killing in vitro.

Results : There was no inhibition of growth of cells exposed to butyrate for 24 hours at a concentration of 1.
5mM/L. Toxic effects were seen when the concentration of butyrate was greater than 2.0mM/L. Gene expres-
sion was more stable and bystander effect was augmented by butyrate treatment of a concentration of 1.5mM
/L.
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Conclusion : These results provide evidence that butyrate can augment the efficiency of cell killing with
HSVik/GCV system by inducing transgene expression and may thus by a promising new approach to improve

responses in gene therapy using adenoviral vectors.(Tuberculosis and Respiratory Diseases 1998, 46 *587-535)
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Albelda SM(University of Pennsylvania, Phila-
delphia, USA)Z ¥ AF wetow, 10% FBS,
penicillin G(100 U/mL) streptomycin(100ug/
mL)o] ¥7}g RPMI ujxjell A 37°C, 5% olitsie
P D AL R R

2) Adenoviral Vector % {3%} 0[2]

£ A% A8 adenoviral vectord] Ad.CMVtk
¢} Ad.CMVlacz¥ Albelda SMe 2XE AlF U3k
O, AFEL vectorSL 293AIEoA FAAIY
I Agdl sy AzkA] -70°Cel REEHHeH
vector?] %7H= 293 plaque assay$} sphectri-
photometric density 2 &A%t

$AA= Yo AMF REN MEEo] T25 cell
culture flask®] 60-70% A= AL F== AF 4
#olM AdCMVik & Ad.CMVlacZg Al
AEUE o]gA#HT. REN MEFE Ad.CMViacZ
& AN ¥ X-gal 944 100% lacZ F3=}e]
o]§lo] &el® MOI(multiplicity of infection) ¢l Al
¥ 5 pfu(particle forming unit) 2 ZgAIZ .

3) GCV 44zt

HSVtk #3371 olgslxl & REN Al¥s}
HSVik #3A7} olgd¥ ME(RENSTK)E 96-
well tissue culture plated] welld 40007] (100uL.
media/well)8 B33t} 37°C, 5% oldsei
vok7|ol A 24 A3t wiFEte] AlXE°] monolayer&
YAs5e W GCV7E A7hsl &L wixist O
02uMoj A2 E 200uM7lx]e] GCVE H71%t HiA]
2 T@sgch. 5Y3T i ¥ 2 welle] AEAE
48 243gon, AIAXFE HAEAHEA
MTT AAFM(Cell Titer 96 Aqueous Nonradio-
active MTT Cell Proliferation Assay, Promega,
Madison, WI, USA)e 2 tdaoz ZA3U0t
2z 5Uzt wjY ¥ Zzte] welivjch 20ul MTTE4

& A7l 37Tl 3AIREL F7} Wi ol
490nmoiM FHEE s, GCV7L 37k
welle] F3=8 GCV7l A7bEA @2 wiA2 W%
& welle] FFzote] Mg YETEE T

4) MI BAEE (growth rate) {3

Axo] Z2N&Td| 9&o| YE butyratez=E T3
71 918 butyrater} AEZFH&E vXE TS
2A}8ch. RENA 29} RENSTKAHEE 96-well
culture plateo] welld 4000714 £33} 24 A1
ks ¥ butyrated gy dzroz Rk
Butyrated2]#& 1.5mM/L, 2mM/L3} 3.0mM/L
] butyratez} F7HE wix2 n#3te] 24 A1 W] F
& ¥ butyrater} H71EA] & w2 343 vk
stgon, Q2FE butyrater} HrEA] ok& wix|
2 497k sl AEFE MTTHARCR &
Fslgon, butyrate ¥zl mE MEAYFS] H=
£ butyrateZ H7}81A &L viAI2 v|FT wello)
Fxcte] WRg2 T3t

5) Western blot analysis

REN A2 Eo] T25 cell culture flaske] 60-70%
A A A=z AT A AHEZ Spfu
(particl forming unit)®] Ad.CMVtk& ZHAIA
FAAE ol 2417 WS F 3T o2 WS
t}. A13& butyrater} ArtEA] & w2 wig
3AR, A2 FAR Y F 2dUA F (2443l
A 48A1AN ol 1.5mM/L butyrateg #7138}
vloksigon, A3FS FAlY F 33U 1.
5mM/L butyrateE H7Fg wixlg wjd3iaict.
Western blot analysiskz §2Atolq] ¥ 2, 34,
agzn 794 4z AT v
WA 1057 ATEES QAREE 334L ¥
3 0.5ml SDS sample buffer(62.5mM Tris-HCi
pH 6.8, 2% SDS, 10% glycerol, 0.001% bromo-
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phenol dye) & ¥ E¥7 ¥ 587 100CAA 7}
g3t gastgct. &3¥ 252 SDS-PAGE
ANFEL A3 ¥, AL transfer buffer(25mM
Tris, 0.1% SDS, 192mM glycine, 20% methanol)
2 533 FAstR F3A e Aol gAAT. FER
+ A2-8-9 (4% bovine serum albumin, 0.02% so-
dium azide in PBS) & 2AI7bE<t Helsle] ulEo]
Al @ Ae] binding2 blockingdt ¥, HSVike]
ti3k rabbit polyclonal antibody &g(1 : 800)
o2 4ToAM  12A2H8F wSAlZTh TBST
(50mM Tris-HCI pH 7.4, 0.9% NaCl, 1% Tween
20022 33 A ¥ 2184 &3 (anti-rabbit
IgG alkaline phsophatase conjugated secondary
antibody, Promega)(1 : 7500) 2.2 1AJ7F E¢t b
SAZTh 2@ TBSTZ 33], AP buffer
(10mM Tris-HCl pH 9.5, 100mM NaCl, 5mM
MgCl,) 2 13] 4=4|3}3L substrate solution(0.4mM
nitroblue tetrazolium, 0.38mM 5-bromo-4-chloro
-3 indolyl phsophate in AP buffer) (Sigma
Chemical Co.)ol B t-& 3087 420 Wx|5}a]
DRRE R

6) In Vitro, bystander effect &%

REN M¥E£& A¥% 5 pfue] Ad.CMVtkE 7+
AlA FARE o|YBIL 24417 WJFE ¥ butyrate
Al 1.5mM/L butyrateZ} H7lg wj=]= 24
Az it diZFE butyratert HrbEx] ke
B2 24 A17F v ¥ “mixing study” & A8}
om, I WEe wg®o o8 H9d up glout
7rs] Ashd ohes} 2. HSVtk -z} o]Q]
g7 & HSVtk &AM ¥e} HSVik §3217F o]
dE HSVtk YHAEE 212} 4 x10Y/mlz e 3
HSVik &AM E] sk HSVtk YA u]ge
0%, 10%, 20%, 30%, 50%, 100% 2 =HA &
T 96-well culture plated] 100ul¥ ¥-23}9it}.
37T, 5% oltsiera wigrioA 16417 ujoksted

A EE°] monolayer& H¥A3}HE W 20uM GCV
7} A7bE wiAE m@sle 59 wjokstch
HSVtk &AA¥7} 100% <) welle] AEs} =)
Bl 100% AAEE MTT ZHAPHo 2 7} welle)
BENES5E DA os 2454, HSVik o4y
HZ7E 10% A 100%7HA] 49 welld] U=
100% HSVik &4MZ2% ® welle] F3x=d o
& HEge YEEL It

d =

1) GCV Zis=dziat

REN A¥32] GCVel g 2424} 43 Fig.
13} 2t} HSVtk #2271 o8 MES 50% 7}
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Fig. 1. Adenovirus-mediated transfer of HSVtk ren-
ders the human malignant mesothelioma cell
line sensitive to ganciclovir treatment in vitro.
Comparison of ganciclovir dose-response be-
tween untransduced cells(REN) and HSVtk
transduced cells(REN-STK) is shown. Points
on the ordinate represent the percentage of
cells present at each dose of ganciclovir com-
pared to untreated cells(no ganciclovir). A
total of 50% of HSVtk-transduced cells were
killed at 0.7uM GCV(IC50) as compared to
untransduced cells, which showed only 5%
cell death at 200uM GCV.
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| B Butyrate {1, 5mid)
B Butyrate (2.0mM)
O Butyrate (3.0m)
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X Control Survival

TE(=), no GC\I’ 'll<{+J no GCV

Fig. 2. Effect of butyrate on in vitro growth
rates. Growth of cells exposed to butyr-
ate was compared to growth of control
cells, not exposed to butyrate. There
was no inhibition of growth of cells ex-
posed to butyrate at a concentration of
1.5mM/L. Toxic effects were seen when
the concentration of butyrate was great-
er than 2.0mM/L.

0.7uM GCV il A] APt ont {27t o]Ql==] o
& J¥E 2k 600uMdlA 50% Absted HSVik
Az} o]YE MEES HSVik #ax7} o]d5A]
e MEo s GCVel tie Aol frelshl 2
7t At

2) Butyrate?} MIE FAlET0| 0|kl I8

Butyrate 2] A|£4% A &7}t bystander effect
o] nxE ke diA|Ely] 9519 butyrater} AlE
ZAd nxE 9L ARG e, 2 Fi= Fig.
29} zt}. RENA ¥} RENSTKAZE 1.5mM/L
] butyrateZ} ¥7}g vl M 22 JF&Ex
9] zpol7} o, 2.0mM/L3} 3.0mM/L butyr-
ateZ} H7HE WA Me R b8 dPgE=rt
8-9%9} 31-35% ZHAsHTH

3) ButyrateZt O|E! FEXI2| G0l okl I

Ao AF&To) g¥o] gl 1.5mM/L butyrate

Fig. 3. Western blot analysis of HSVtk protein
expression . Adenovirus-mediated gene
expression was more stable by butyrate
treatment. REN cells were infected at
muliplicity of infection of 5 pfu per cell
by Ad.CMVtk on day 0. Medium con-
taining 1.5mM/L butyrate was added
and withdrawn of day 2 or day 3 for 24
hours. HSVtk protein expression was
analized with a rabbit polyclonal anti-
body at day 2, 3, and 7 after infection
with Ad.CMVtk. Lane 1-3, without bu-
tyrate treatment ; Lane 4-6, treated
with butyrate between day 1 and 2;
Lane 7-9, treated with butyrate between
day 2 and 3.

Helol g faxte) YH3BE Fig. 33 2t} bu-
tyratez} A7EA] g3& wjAE 8gg 2RI
fAlel & 7o fRate] o] glgout bu
tyrate® Hal@ FAME FaRolY & TYAE of
QY FA W] glgion, B3 #87t olglst
3 48413t Fo butyrate® M2l 2ol F4x}e)
o] AU

4) In vitro, bystander effect

Butyrate”} bystander effecte]] w]xls 932 &AL
371 ¢18) 1.5mM/L butyrate§ A3t FllA
bystander effect$} butyrate& *el3lx] &2 di=
#9] bystander effect& ¥ 3l ). Butyrate &
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B Control
. B Butyrate (1.5mM)
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% Cell Survival

40

o 10 20 30 50 100
% TK Positive

Fig. 4. In vitro mixing experiments in presence
and absence of 1.5mM/L butyrate : By-
stander effect was augmented by butyr-
ate treatment. X-axis, varying mixture
of HSVtk* and HSVtk™ cells ; Y-axis,
percentage of cells survibing expressed
as a percentage of HSVtk~ control cells
after exposure to 20 uM GCV for 5
days.

2§ oA thZFo) v]s) bystander effectof] o}
F AAaTrt fo3H 71 Ak (Fig. 4).

o #

Adenovirus® DNA upolgaz Audzd 7%
Astgo] i FAEA] @ AT E {ARR o]Y]
o] 7Fs8H, in vivodllAl ThE uisfAl g {32}
o] &&o] ¥ Ao e} adenovirusdl 23
olge fAzE= &FAEe GMA Y integration
5] 97] W&ol F-AxRe] wEo] YA|HRI EAFH o
%l\:]_Z.S, 6)

Riggs%s o] butyrate”} histone2] hyperacety-
lationa 2P BOE 3 F, butyrates] AE
A FAALE mRAs P B B It
FP=Qltt. Butyrate= AEe] GI-S AP oA
3= AEF7] 28T gAY B3E fredhe

Bgol Qlov], FHAe) BBE THIG. 2 of
& 7] @M EFA butyrateE H2E H$ c-
fos9} c-jun FHxle FEL Fv1=Elm ps53¢t Rb
AR @ E ZAEN. Butyratest AR 43
I fARte] HHe| fAdhs /WS ofF g3 ¥
HAA] &gror} histone deacetylases A3}
histone©] hyperacetylation®ge¢] w& chromatin
structure 2] W3} oJjkr}ar g} 2,

F T ook butyrate ] MEA G vA| & 24
Qloix butyrate”} retrovirus®] LTRs¢} simian
virus large T 3}¢l9] HAIZAH 9 AE YA 38l u)
olgix AR HALE FrMAITtke BIERST
npolgi2g w/HA R o]YF F-AALe] WHE F7HA
ithe RuE2181e 718 L3 g butyrater} A}
£9 4 9488 ANBTL

Tang% '3 Diong®®2 adenovirus®] $3z}t
71e-dl Ela 912 CMV promoters} luciferase
AR 2@ wpolzix HELE o]2F AN
butyrate& 2|3 A4 o]y F-Azte] BdHo| &
A ZUhelglod, olalst £7k= butyrate &
st Azl wet feJg ztel7t AT FA
8] o]EL histone deacetylase inhibitorg!
trichostatin A(TSA)E g} 392 o= butyr-
ateg A 799} Zo] f1A e L] FrtEe
ez Hol ojopzkd fux WEe Fvke his-
tone?] hyperacetylationdl] &3k ot Az}
59 dATME AR AdFel o] fUNE 1.
5mM/L¢] butyrate® 24A)17F Heldt A4S $4%
o 7] Rl Abolrt Qien, B3] &3z
£ ©old3kaL 4847t Fo butyrateE H|¥ A
HE7IY] Pt B st

HSVik A4S 0] 235 GAR}X F|A] bystand-
er effect= HSVtk& wdsk= QT 349 AX
= GOV R ¥ Aptsle d4e UsiH, ol
bystander effecto] <Ja] AIX2] 10-20%fie
HSVtk fAxE olYdalle 79 =RE XY

apoptosis7} X Ec}™. Bystander effectyE

— 592 —



— Butyrate on adenovirus-mediated gene tyerapy —

HSVik f3axA80A4 F8 17189 3z 1
714 A7) gap junctiond F¥ metabolic co-
operation®} MXAHY Fof o] Yojdrin &=
A QAo}D, AREL butyrateE@ MY ¢ by-
stander effecto] §2}% Z7l7} Ulon ojgre
bystander effect®] Z7l= butyrateo] 23}
HSVik fazte] S37Igte] F7lel 9 Aoz 4
3=t

8 %

. F-

$ARX B o]4HE adenovirus§ 7|EE =
el v 2ol Z3 o] A FAHA e=
AE= FAzL] o|glo] 7FE3n, in vivod A o
g el via) fARlelY &gol & Aol Uk
a2} adenovirusel] o8] AGE FHA= AR
chromosomed]] A{I=|A] &7] Wi A2t L3
W gAEd ¥de] ALHA & ¥ oh
adenovirus7t &3¢ WY& xefsle] o€ #
A AAR w2t AgE fAAte] 8|0 F
& @Ao| fith. EAHMIQl butyrate: histone
9] acetylationg ZF7MA|A ALE {FHxte] LHE
ZopAZickn ot AAE-e {-ARXRA] butyrate
& YE5d ¥ A% o3 fAzte] LHo] FviE
i, getA fARA 8] E9E FVHAE F AL A
o)g}= 7}A3ldl butyrate’} herpes simplex virus
thymidine kinase #3218 o8& {-HA= A= 7|
eGP 2ABAD.

Y 9!

ol4 ZuZM ¥ RENAMES Ad.CMVikE °|g
§ 3 AXEEL 3ToE EFSHCH 172 butyr-
ated AHe)3hx ¥z 747 wiFIH LA, 2TL 9
¥ 1¥4] 22n 33 oY ¥ 2¢A 1.5mM
/L butyrate & ¥H3h= viRlolA 24A12F FF g
§ ¥ butyrater} $RER] G wiA2 wPste]
FBtglch #AA ol ¥ 29, 3¢, 23 749

Western blotting 8 AJ313le] f-Azle] $HEAYLE
ZA1E9 o1, butyrate 2] {-Fof ©& bystand-
er effecto] o % HAFEIH XolE FAS]
At

# o}

Butyrate & H2l3lx] g 23 FAx ol ¥
7459 f-AAe] Wdo|] gilo} butyrateE Az
T T 79 E AAHAte] dEol ATt 2
butyrate® A2]% 79- bystander effectol] <%
ARaIH7Y felEA F7HEA

Z B

o)l AFZ butyrater FAAe] AL F7HAA
o] ol&] bystander effect® ZF7MA7E & 4 AN
o, & ¥ adenovirus& o] 4% AR A
& 7 F A M2 Wigel 8 # Ug 2
2 JZe.
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